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Abstract: Infectivity of highly temperature-sensitive and attenuated poliovirus type 3 
vaccine strain, Leon 12a,b, at 35-37'C was stabilized by 15-20% sucrose in the medium 
with 1 M MgCl. On the other hand, the virus stability was reduced by 10% 
polyethylene glycol (PEG, Mol. Wt. 6000) in the medium without MgCl,, especially when 
the virus-PEG mixtures were incubated after freeze-drying. Fibrous cellulose CF11 ap- 
parently adsorbed majority of the virus and did not change its inactivation rate, when 
virus-cellulose mixtures were centrifuged and the precipitates were incubated at 37C. 
When virus-cellulose mixtures were filtrated through nitrocellulose membranes, however, 
virus infectivity recovered from the cellulose on the membrane was poor for 0 day’s 
specimen, with apparent stabilization of the adsorbed virus after 1-2 weeks incubation at 
37. 
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INTRODUCTION 


Poliovaccines, both inactivated and live-attenuated, have widely been used and prov- 
ed to be safe and effective to reduce the incidence of paralytic poliomyelitis during the 
past 20-30 years, and mass-immunization with live vaccines was shown to decrease the 
transmission of wild strains of poliovirus (Salk, 1955, 1984; Sabin, 1959, 1977, 1980, 1985; 
Melnick, 1978; Fox, 1980; John, 1984). However, significant numbers of paralytic 
poliomyelitis have still been reported as localized epidemics among those who had received 
live poliovaccines as well as among unvaccinated populations in tropical areas (John, 1972; 
Chodanker and Dave, 1979; LaForce et al., 1980; John et al., 1983). 

Trivalent live poliovaccines have been orally administered to confer long-lasting im- 
munity, but these vaccine strains, especially type 3 poliovirus, are highly temperature-sen- 
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sitive (Sabin, 1977; Melnick, 1984). Stabilization of the vaccine viruses has been con- 
sidered as an important factor for successful immunization by oral poliovaccines in various 
regions of tropical and subtropical countries with warm climate. Several investigators tried 
to stabilize polioviruses by cations, organic and inorganic acids, or proteinaceous 
substances, with the best result by 1 M MgCl (Wallis and Melnick, 1961, 1962; Melnick 
and Wallis, 1963; Srivastava et al., 1987). While, epidemiological studies have shown that 
1 M MgCl, is not sufficient to preserve immunogenicities of highly temperature-sensitive 
and attenuated poliovirus strains in warm-climate countries (John, 1972, 1981; Albert, 
1987). 

Recently, the first author reported that 15% surcose stabilized highly temperature-sen- 
sitive and live-attenuated type 3 poliovirus vaccine strain, Leon 12a,b, at 37°C even in the 
absence of 1 M MgCl, (Srivastava, 1988). This finding would be applied to preserve im- 
munogenicities of temperature-sensitive oral poliovaccines in tropics even when cold-chain 
system is not sufficient. Present report describes combined effect of sucrose and MgCl, to 
stabilize the same type 3 poliovaccine strain, as well as the effects of PEG and fibrous 
cellulose. 


MATERIALS AND METHODS 


Virus and cell: Attenuated poliovirus type 3, Sabin vaccine strain Leon 12a,b, was ob- 
tained from 2 different sources. One from Hoechst Co., West Germany, was passaged 
once in human rhabdomyosarcoma (RD) cells and the progeny virus was diluted 1:10 in 
physiological saline to a titer of 7.5x10° PFU/ml, which was used as the virus without 
MgCl. Another had been stabilized by 1 M MgCl, and kept in the Enterovirus Unit, In- 
stitute of Hygiene and Epidemiology, Prague, Czechoslovakia. This specimen was diluted 
with physiological saline containing 2 M MgCl, to the same virus titer as above and was 
used as the virus with MgCl». The pH of physiological saline was 7 for all experiments in 
this study. RD cells were grown in Eagle’s minimal essential medium (MEM, Eagle, 1959) 
with 10% heat-inactivated calf serum at 37C. 

Infectivity assay: Virus specimens were serially diluted in 10-fold steps with 
physiological saline at room temperature. Growth medium was removed from RD cell 
cultures in 6 cm diameter Petri dishes, and 0.1 ml of the diluted virus was inoculated in 
each dish. After 1 hour of adsorption at 37°C, the cells were covered by 5 ml of overlay 
medium containing 1% agarose and 2% calf serum in MEM with neutral red. When the 
agarose was solidified, the dishes were incubated at 37°C for 4-5 days to form plaques. 
Virus infectivity was shown by plaque-forming unit (PFU) per ml. 

Chemicals: Fibrous cellulose CF11 was obtained from Whatman Chemicals Separation 
Ltd., England. PEG 6000 and sucrose were the products of Lachema, Brno, 
Czechoslovakia. 
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RESULTS 


Effect of sucrose on stabilization of attenuated poliovirus type 3 vaccine strain in the presence 
of 1 M MgCl: 

Weighed amount of sucrose was spread on a sheet of aluminium foil and sterilized 
overnight by ultraviolet (UV) light (4 lamps of 15 Watts, distance of 30 cm), and was 
dissolved in physiological saline to make 90, 40, and 30% (w/v) solutions. These solutions 
were added to equal volumes of the virus with MgCl. to make final sucrose concentration 
of 45, 20, and 15%, and virus titer of 3.75105 PFU/ml. Each mixture was divided into 
several tubes and incubated at 37 or 35°C. A control was prepared by adding physiological 
saline to an equal volume of the virus with MgCl, and incubated along with the specimens 
with sucrose. In the first experiment, the tubes with 45%, and 15% sucrose as well as the 
control were incubated at 37°C, sampled at 1 week interval until 4 weeks of incubation, 
and kept frozen at —20C until infectivity was assayed. The result in Fig. 1 shows that 
virus infectivity in the control with MgCl, alone was exponentially inactivated (about 1 
log/week) and became undetectable after 4 weeks of incubation. When 45% sucrose was in- 
cluded in the medium with MgCl, the virus infectivity was stabilized a little during the 
first 2 weeks, but it decreased to undetectable level after 4 weeks. Better stabilization of 
the virus infectivity was obtained by 15% sucrose with MgCl, during the first 2 weeks, 
then the inactivation rate became similar to the control with MgCle alone, still infective 


Log(PFU/m\) 


Weeks 


Fig. 1. Survival of attenuated poliovirus strain Leon 12a;b by sucrose in the presence of 
MgCl, at 37T for 4 weeks. Full line ( ) 45% sucrose; dashed line (-—--- ) 
15% sucrose; dotted and dashed line (—~*—*—+*—+*—) without sucrose in 1 M 
MegCh. 
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virus was detectable after 4 weeks of incubation. 

In the second experiment, the specimen with 20% sucrose and MgCl, was incubated 
at 35°C along with the control of MgCl, alone and sampled every day until 8 days of in- 
cubation to assay virus infectivity as in the first experiment. The result in Fig. 2 shows 
that the virus infectivity was stabilized by 20% sucrose and MgCl; compared with the con- 
trol of MgCl, alone during the first 3 days and on the 8th day of incubation. But the 
virus infectivity was almost the same between 4 to 7 days of incubation for both 
specimens with and without 20% sucrose. 


| 
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Fig. 2. Stabilization of attenuated poliovirus strain Leon 12a,b by 20% sucrose in 
the presence of MgCl, at 35°C. Full line (——-) 20% sucrose; dotted 
line (----- ) without sucrose in the presence of 1 M MgCl. 


Effect of PEG on the stability of attenuated poliovirus type 3 vaccine strain 

PEG has been used to concentrate bacteriophage (Yamamoto et al., 1970) or animal 
virus (McSherry and Benzinger, 1970). Experiments were performed to test its stabilizing 
effect on the attenuated poliovirus. Twenty percent (w/v) PEG solution in physiological 
saline was autoclaved, and mixed with an equal volume of the virus without MgCl, to 
make final concentration of 10% PEG and 3.75x10° PFU/ml of the virus. The virus-PEG 
mixture was dispensed into several tubes and kept at 4C for 10 min followed by cen- 
trifugation at 8,000 rpm for 30 min. The supernatant was removed and the tubes with 
precipitated virus were tightly closed and incubated at 37° along with control virus 
without MgCl. The specimens were sampled after 0, 1, and 2 weeks of incubation and 
kept frozen at —20C. Before titration of virus infectivity, PEG-precipitated virus was 
dissolved to the initial volume with physiological saline. The result in Fig. 3 shows that in- 
fectivity of PEG-precipitated virus was more rapidly inactivated than virus infectivity in 
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the control without MgCl. In another experiment, PEG was sterilized by UV light similar- 
ly to the sucrose experiment and virus-PEG mixture was prepared as described above. 
The mixture was dispensed into several ampoules and freeze-dried overnight at 4°C. The 
ampoules were divided into 2 lots; one was closed by sterile cotton plug and another was 
glass-sealed. All the ampoules were incubated at 37C and sampled after 0, 2 and 10 days 
of incubation to assay virus infectivity as described above. The result in Fig. 3 shows that 
the virus infectivity of freeze-dried specimens was inactivated with similar rate for both 
cotton-plugged and glass-sealed ampoules, and the rate was higher than the previous ex- 
periment without freeze-drying. Therefore, PEG-precipitation, especially followed by freeze- 
drying, appears to accelerate the inactivation of the attenuated poliovirus vaccine strain. 


Log (PFU/mi) 
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Fig. 3. Effect of PEG on the stability of attenuated polioviruis strain Leon 12a,b 
strain without MgCl, at 37°C. Full line (——-—-) 10% PEG autoclaved; dash- 
ed line -~--~ ) PEG freeze-dried and cotton plugged; dotted and dashed line 
(—*—+—+—e—) PEG freeze-dried and glass-sealed; open circle and full line 
( o o ) control without PEG. 


Effect of fibrous cellulose CF11 on the stabilization of attanuated poliovirus type 3 vaccine 
strain 

Several types of cellulose were reported to adsorb poliovirus (Bendova, 1982). Ex- 
periments were performed to see the effect of fibrous cellulose CF11 on the stability of 
poliovirus type 3 vaccine strain. One hundred milligram each of the cellulose was 
distributed onto 5 different aluminium foil, sterilized by UV-light as described before, and 
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transfered into 5 different tubes. The cellulose in each tube was suspended with 1 ml of 
the virus without MgCl, well-mixed for 30 min at room temperature and centrifuged at 
4,000 rpm for 15 min at 4C. Supernatent was removed and tubes with cellulose-virus 
precipitate were incubated at 37°C. The tubes were sampled after 0, 1, and 2 weeks of in- 
cubation and kept at —20°. Before infectivity assay, the precipitate was resuspended by 
1 ml of 0.2 M glycine buffer, pH 8.5, by vortex mixing for 5 min. The result in Fig. 4 
shows that the virus infectivity was inactivated at similar rate as the control experiment in 
Fig. 2. So that, the cellulose apparently adsorbed the virus but did not stabilize its infec- 
tivity. Another experiment was performed using similar preparation, but the cellulose-virus 
mixtures were filtrated by sterilized nitrocellulose membrane (type HA, 0.45 » pore size, 
Milipore, USA) instead of centrifugation. The filters retaining cellulose and adsorbed virus 
were transfered into tubes, which were rubber-stoppered and incubated at 37°C. The tubes 
were sampled after 0, 1 and 2 weeks, and virus-cellulose precipitate on the filter in each 
tube was resuspended in 1 ml of 0.2 M glycine buffer, pH 8.5, before assaying virus infec- 
tivity. The result in Fig. 4 indicated that the inactivation rate of virus infectivity was ap- 
parently reduced, although the titer on day 0 was almost 2 logs lower than the previous 
experiment. Since most of the virus infectivity on day 0 was recovered after centrifugation 
and resuspension of cellulose-virus mixture in the previous experiment, low virus titer on 
day 0 in the latter experiment cannot be explained by poor adsorption of the virus to the 
cellulose and passing through the filter. Rather, the result suggests that majority (99%) of 
the virus population might have been fixed on the membrane and cannot easily be eluted 


Log (PFU/mi} 
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Fig. 4. Survival of attenuated poliovirus strain Leon 12a,b without MgCl, at 37°C on 
fibrous cellulose CF11. Full line (t————) virus-cellulose mixture precipitated by 
centrifugation; dashed line (-—-—~—) virus-cellulose mixture membrane-filtrated. 
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out because of their higher affinity to nitrocellulose membrane than to fibrous cellulose. In 
contrast, minority (1%) of the virus population which could be eluted out was somehow 
stabilized by adsorption to fibrous cellulose and/or nitrocellulose membrane. 


DISCUSSION 


Live attenuated oral poliovirus vaccines have widely been used to control epidemics 
of paralytic poliomyelitis with economical advantages (Sabin, 1959, 1980, 1985; Melnick, 
1978), but their efficacy sometimes decreased because of their temperature-sensitivity, 
especially in warm-climate countries where cold-chain system for storage and transport of 
vaccines is not always sufficient (John, 1972; Chodanker and Dave, 1979; LaForce et al., 
1980; John et al., 1983). It has been recommended that oral poliovaccines should be stored 
and transported at 4°C to maintain its immunogenicity (Melnick and Wallis, 1963). First 
trial to overcome this problem was performed by stabilization of the virus infectivity by 
various cations and 1 M MgCl. was most effective (Wallis and Melnick, 1961). Wallis and 
Melnick (1962) reported that organic and inorganic acids could stabilize attenuated 
poliovirus type 1 LSc vaccine strain between pH 3 to 5.5. Srivastava et al. (1987) stabiliz- 
ed attenuated poliovirus type 3 Sabin vaccine strain, Leon 12a;b, by hydrochloric acid. 
Srivastava (1988) also reported that the same vaccine strain could be stabilized by 15% 
sucrose for 4 weeks at 35°C even without MgCl. 

This study showed that the same type 3 Sabin vaccine strain, Leon 12a,b, was 
stabilized at 35-37°C by 15-20% sucrose in the presence of 1 M MgCl, and the effect was 
better than by sucrose alone which was previously reported (Srivastava, 1988). The pre- 
sent results are better than those reported by Mirchamsy et al. (1978) on the stabilization 
of Sabin live trivalent polio vaccine by MgCl, and sucrose. These stabilization methods 
may be applied to practical use of live-attenuated polio vaccines in tropical countries. On 
the other hand, PEG apparently decreased the virus stability and cannot be used as vac- 
cine stabilizer. Another high molecular weight vehicle, fibrous cellulose CF11, appeared to 
adsorb the virus but stabilization of the virus was not observed when virus-cellulose mix- 
ture was centrifuged and resulting precipitate was incubated at 37°C. When virus-cellulose 
mixture was filtrated through nitrocellulose membrane, however, the result was rather in- 
triguing. The retained virus infectivity was apparently stabilized, although the virus titer 
on day 0 was significantly low. The result may indicate heterogeneity of the virus popula- 
tion, the majority of which was firmly bound to the membrane and difficult to be eluted. 
While, small portion of the virus population which could be eluted appeared to be stabiliz- 
ed. This finding should be examined further before its practical application. 
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